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(57)Abstract: 

PURPOSE: To easily obtain a polycrystalline silicon (P-Si) 
consisting of large and uniform crystalline particles through low 
temp, process by preheating, melting and recrystallizing a~Si 
on a substrate with first and second light sources. 
CONSTITUTION: By using a second light source 600 (such as 
Ar laser and YAG laser), an energy is supplied to a substrate 
500 either from foreside or from backside to preheat a-Si film 
400 formed on the substrate 500. Subsequently a first light _ 
source (excimer laser) is set at the foreside of the substrate ~~ 
500 and an energy is supplied to heat and melt the a-Si 400 
which has been preheated as described. The melted a-Si is 
recrystallized with heating by the second light source 600. 
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[titft] SS5 0 0KM$n/t:a-S i fflU 0 0 

%M 6 0 0 (c J: 0 *Ak 5 *i/c a - S i £ftMtt U > 
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1 

[»#* i ] &mzBf&£ntz a - s i nm&n&& 
% i %mxm^m 2 %m\z x <o ^mmm £ tut a - s i 

•J|S2 3feaRK:.fc«J*iBS;h.fca -S i SrAMRLfcasfeS/y 
[if*^2] SfrfE^ffiADift-rS^Pi ; -e^2 3t^l4Sffi 

r. <k «r#*ti-5B!*3S 1 fclE*W>#*£fiS' y 3 

[gft*«4] fltifa^23t^i ttr/^>u- if-, 
jag u— if — , /wtf— u— if— r>A-^.^- 
V W— }f— co^GOV ^1**1^— oSrffl^ 5 r. t Sr#mt -T 

[§**«5] tfrie^2^:Mi lt7/^yi/- if-. 
YAGlz-f-^ /Hf— U-— if— *3itf^y r>^_^^- 
> u— if-co %><DX ^n^-o Srffl v ^ ' <t #m t -t"3 

[if^6] Bfff5m2*ai^bWm^/udf-|itUfH^ 

1 1 *¥tmti~z>m *js i K&mn&m&is y = 

[fl*«7] flf(1S^2*j!S^e,SfIiEi^/U^-Srje^ 
3 tt*^ 6 (CfEicCD^Bl -> y 3 vKit^fe 

mmtm t mmfma a rjmm&&&m^ w xm 

[IS*3t9] B HISm2 3fe^^tUfEi^^^-*ia^ 

5 ; <t z&mt-fzm ^fE*ro#*gf B -> y 

= v8S Strife. 

[§t*rill] B t!5^2^aS^bWIE^yw=¥-Srjg 

-r-sts*^ i o Kfettw^Hi, -> y =i >-tait*-fe 



(2) *5f^¥6-3 4 5 4 1 5 

2 

nUiaKT^itca -s \mwk*Kf&-rz>wt.mt. 

% 2 ft^T-HtTfE a - S i ^{ffiAOlSH-SgrPgi:, 

m i %m*x^m%mzMz a - s i ^o^l-c^sh-?. 

%Z%Uxm&tiMz.* -S i S:^U^^?5->y 3> 

10 ictafcco^^fB v- y ^mmum* 

[it 1 4 ] Mm^mimmi-zwcvgxm 2 ^jis 

«w H 1I^fc-5V^^±m^-eJl^^— SrAD^L, ^rLTSl 

[i«*rSl5] #IfE»f«i^5rS i O,, Si,N,1> 

[»** 1 6 ] mmWi 1 KMt LT^*->^u-if- 
20 Srffl^^r i:S:!l#?Si:-f-5?S*«l 2lrfE*w^ H %«> 
y a vMJt^fc 

7] Hft8E«23tjBi:brr^=fVU-1f 
— , Y AG u — if—, /utr— u— if— toXxf^ y ^a- 

^yi/- if— <D*(D\^-rtifr — ^m^^zttmm. 

l»#*18] fltrfE^2^t if 

— , y ag U — if — , /nf— u— if— *3it>*— y ^a- 
^^-^ u— if — <D<f <m vrfta»— ofcffl^S - .fc §r#tJSc 

i 2 tciEttro^te*^ y 3 ^mmiifeo 

y 3 

zm*m i 9 t=ia«i«3#wiift'> y 3 ^giit^fe 

[IS*^2 1 ] JS«Wl»ffi^»*$ixfc*)»Ka -s 

i *wi&M,fctsit&mM>^ ] j 3^^isit-r5^si-*jv^ 

40 WiEa«OBU^tr{ig la-Si (Dffil^n*,-^— 

atrlEa - S i wS*x^^^-^S«TWi*^¥-lr 

^e-r 5 r t sr»« 1 1- 5 -> y 3 ^wmtw. 

[iS*3S2 2] flfFSE^l^i: LTx*->tU- if- 

y 3 vm^r> 

[if*3S2 3] ^te^2 3t^i U-CttT/usrvw- if 
— , YAGU— if— . yuf — u— if— , ^y-^A-^^ 
50 ^u-if-^^Sw t fwv^tv^-o^«x.5ct^ 
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[»*«2 4] 1lfteB$2%iK£ LTIiT/^VU- {P* 

— , YAGi'-f-, /wtr— u— if— , ^y 

^u— if— 3§£3£Bw<t» rovN-fft**— oSrWxS r <t £ 

Bo 

*»t,**bfcu-1f-3t«:lWHS?W!t«a - S i tce^-f 
[»*52 6l l»IE«il&«y»3S«W:AOD, IsMEgtffi 

$ jbfc** $ tut if — *mf&-tz> fc*«ear«E(*:s: 

£ 2 6{ifa«c<7)#-*£ H B B ->y 20 

2 9 ] ntraE3fee»MEflcw3t7Jt«a5 i ta#t« 

hMtZ. b Sr#mii-5if*«2 8 fcK*w#tSfi'>y 
[SS*^3 0] StEea3t*3Rtt3c.^/u^— 30 

ii;i3Ci£4#®<h^51i#il2 5 l=G4ft03#ISA<> y 
[ 3 i ] fltrfEeiSSW b LT #H8OT^7fc 7 r 

At* 5 r t §r#m t -r sit *i 3 o £aatt<a#@A •> y 

[if*:* 3 2 } fuf2#eji«#w#AJH-«ffi b tttJN-ffl 
9 K f±#S$s £ n C fc * <nm&.tt => - ^ w v ^ S 
htitcZ. £Sr#mt-rsiS*JS3 1 IS-ftcD #*£ B H B ->y 40 

[3H3H<D£Mffl/.£t&9§] 
[0 0 0 1 ] 

\mM±.<omm&m *z£wti. =^<om& 

*ft*iJ:V«fli.=«0, (th 
in film Amorphous Silicon; a — Si) U — Jf — 
/BL^iMrf -5#&Hlr>y =>V (Polycrystalline Si 

neon; p - s i ) nmmjjifjz&xxf'mmzMi-Ze 

[0 0 0 2] 

[t£?fcKffi] — (Kt^Jtr p-S i l±, DRAM (Direct R 50 
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andom Access Memory ) ¥>gfrlff T^^ill '>p3 
^h^v 5 *^ — (Thin Film Transistor ; TFT) £: 
ttffltfcLCD (Liquid Crystal Display) £>5W4C 
I S (Contact Image Sensor) < fflV > IbiXTV > 

3. ftJfcO p - S i WffiifefrSitt, a-Sifo-5VM±m 
tfsH>' ]) (Micro-crystalline Silicon; /i-S i) 

Kb'* i o o cc^isrowatHRtea-r sfUftfeiWi: 

(SPC:Solid Phase Crystallization) feb^*c*/^r 
\s~ y-*-£a -S i ifcSVMi^SKv'y ^>-<75*S(C.HB. 

(ELA : Excimer Laser Annealing ) ife/6 5 fc<5„ 
[0 0 0 3] CWj;5*-Ka*te.=3ftU*ia«f*f4, 8 
5 1, 363-51-- 4, 880, 7 5 3^ #BSBg 6 2- 
104117, #HfJBg6 3-1 19576. #538364 
-2 5 4 1 5 0. ¥fffl¥ 2-3 3 9 3 5, #BB¥ 2-1 
4 3 5 5 9, ^i#fFGB2, 1 6 9, 4 4 2 %rt£ b'fc 

[0004] tfjffiS P CSHi, * P-Si^i 

a - s i tfM&-e%mm£ix?> 

[0 0 0 5] fit, ^iHfe^i^T'foS^-y hn^ 
-X (OPTRONICS, N08, 1991, PP53. IEEE ELECTRON DEVICE 
LETTERS, VOL. 10, N08, AUGUST 1989, PP349) tiiixtf, 6 

[0 0 0 6] i<0±5ftF^g«rafcirr3fcit>.c, a-S 
i lw»i-5jtK«lZ^>i5^sv^dfix^u— if— SrfiJfflUSS 
«i3_l-r5iWfEELAte*Sjgffl$n5. E LAj*tc:fflVNt> 
4xS^^->-^l — If— fi, MSS^Mv^/l^co/NVt-^t: 
^fifei-?>coT', a - s i <Dmmz*;$W}<oyt=c*/u3?— 

X.IJT FTtfclJTFT LCD^il!3ilT-^So 
[0 0 0 7] L-^L^^fe, r<0^ffiir^ffl$4x5 l^— 
if— /x/MiDy'f 7*4 l*frt>iT frl 07i^U2 0 n s 
T?$.o"t, 1/ — if — <D P P E S (Pulse to Pulse Energy 
Stability) i}S^FS^.r/«C<3- -t L.Tt°— A £ b"— 

^*S-icfi!,«!.si-r<5r t^HJi-eibs. -t-fcfc*»- lai 

£H2lc*L.fcii«5- HllfiHE L A?Sfe(i J; 5^tf|-> y => 
^Siig|_Sgl4- TfeMT-foS^^v'^u-if-^Kl Oi: 
idrv-^u— if— tr— ^.Sr^f7^S«3 0l-^$nfc 
a - S i ^4 0 4-C^^/u^— ^SrggRH^tcJ^— ft 
Si*re»i"5tf-Ae*3t^2 0Sr«x:5 o SfrfEEL 

if-tf-A^s a - S i ©«ffi^»-r*»IBI. a - s i tr 
Klt2$ttfc U-if— (D^fe^^^^r-li^^/i'^-lr^ 



5 

&£ft6o Sot, a-S ifi, 8&^*/i'3f-K .£<??? 
^L500ns«r«l:S<fi-5, C©i9tSti 

fls»-IS*K*fl:i"« co-e u— if- t'-Aisiutiiit 
* *tfcSB# t * 5 T-ft v ^g(S# £ <o u— if- i flwjfcn;* 

f5. 10 
[0 00 8] C»J:5*IHHSr«l*-f-Sfc«>l-. S«£ 

ADf&L&riS£,ELA£Jfc-t-#BsriS 1991^S S DM 
(Solid State Devices Materials ) i^ti^$tt"CV' , 

e>ELASr«bJSftfl:j«ltS:a<-rn«» IgfirotfcT-* 

$ nfc*B^T? t b fclgJUfctffi r 5 i 5 1- ft 5 t ife 

[0 0 0 9] b/4>bft#tj, :»± 5ft^feSrilCTS 

[0 0 10] 

[WSiWKftbJ: 5 t-f 5SS] **SU<*>BWI4, 6 0 

[0 0 1 1 ] #58WWte«OBfc>l±, f-f^K 

^ [ £ *3 V > T iS ffi <D X' ft V ^ ffi ft # 7 & 

[0 0 1 2 ] 

Hfca-S ifcBISrWgftl-i^fScKia^-C. ®23fe8S 

■e*«»:«*.e>*tfc*BS*troa - s i fc^HIHnSW-sa 

xmrn-rzwcmt, sf2**»=±9*Msnfca-s i 

5riD»iLft^b->y =i v-Srffi^alS-ar-SSFtSr^tfo 
[0 0 1 3] m^<D&ft*mf&-tZ>tL#)\^&W(D*f&(n 40 

«rsEWf««BJiiw a - s i nm*w*&-rz>fmt., 
m 2 3t«-ewiE a - s i z^mhm-rztmt , as 1 * 

fc. *2 3t»-e*»S^fca -S i SrAP^Lft^Cj^y 

[0 0 14] Btli6bfc*^WSS5t*ittr*3V^T, flllfS 
a - S i fc^tttajarSSW^Jt^ftRtt^Oflfcar* 

lt^ i ytm±mmvi a-si *s»fi£$nfc*««?i)(r* so 
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l\, fftlEBHSftJfrosftttJ: US iO, ( Si, 

[0 0 15] tfi&miltmt ItxJff^i"- tf-£ig 
ffiU !&2 3te»fc bTIi, M^itftS a - S i <D(g#:x. 

t>«>-e*>*Ufft<. if-, H#b-if-> 

feUtu— -if-, if— , fls^u— if— *5it/^- 

^ — ^-y /u b- if — ft t" w * h \s — If - w b 

0iJ^«, T/l^Vb— " if— , YAG (Yttrium- 
Aluminum-Garnet ) b— if— , /Hf— b— if— *Jitf^ 
y f>K-^lr^' (He-Ne ) U— if — ft t'CO + cOV ^TtT,A^ 

[0 0 16] iWE*2 3t«* i e>W**^ i ¥-l4» ttfS^ 

[0 0 17] **Wiftffi«w»j*$ixfcfifHfta -S i 
g!4, BtHE*«wW^tcfi£B b a - S i wi#x^;uJf 
-S i ©SIJi^/^-gSKTwi^^^f-^Mt 

[ooi8] ifc*iii©Kit8fcfc'^t, Htria^2 
*p c±ii * fc \ttmm&) ft tss*«± 

ro#fc*aiE?MjieRa -s i t^eai-5e»?t^t, e 

a £ftZ>ftZmm*s <fc tfiiiS $ -yr^^/uJp- 

[0 0 19] tfllE#t^ffl»»«t bTIi, AOD (Acou 
sto Optic Deflector ) , bfc^ y 

(Polygon Mirror) , f (Chopper ) ft 

[0020] iwnaea***^^-*^*— ««ro**o$ 

T. #^w^3t^r-Y^— £'0J&i8.£ln1f7T'f'<- 
[0 0 2 1 ] 

•>-7 b— if— figitroiW^t- a - S i SrAPH!! ; b3i^->-^ w 
— tf— B8*toB©Bl»3i*/w¥-«a[w«'>*i i UttM 
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[0 0 2 2] 

[0023] *%w<D&&sk*s v =■ >mm*m*. % i 

Jt«i:*23tSISriiC-caEtE±^»rt;Sixfca-s i» 

[0024] mmm i ytmz. a-si mm^m^^i 

WJ-iOx»JRS:*B$'li-^o CORK »2#jKa>e>a>^ 

/^-(Dmm^wi^tifz^m^mwm^^ti^o mm 
;v^-tm^ s *u 5 no \z sh4<ttftv\ 

Ift LIS 2 jte«*> fe ^fft=n*/u*-«|&l[S:»I«-t'5 ± 5 

[0 0 2 5] H3 fc#IH1-*utf , IS 1 S»-CfM&K 5 0 
0*>«# (HBB-CttT*) K«jtfcftfe*2#*6 0 0 
tS(S5 0 0±(Clff£/&£ftf::a -S i »Jg|4 0 0 SriDUft 

■t-So -^^*j^sixfc»2 3taa6 o o^b^jB^^ 

a -S i #JK4 0 0*5 J; t5S«5 0 0 IC-S: 

[0026] jB2a»-cttH4^*ufeii9, mmmu 
soocostdj (Hffi-ei±±*) fcflfcfeih/fellSijfelli 
o o -cffiiE* 2 jt® 6 o o i 5 ^mxm S tlfe a - S 

i»JSl4 0 0^gf^BgiP^UT^i«^itS e 

[0 0 2 7] »3&»-CJi0 5^Ufeii?), »»StU 

fea - s i ^ia*2 3tas6 o o^t>ar«o^p»infc 
^/m^stjo*., mmtstitia-s Kommm&zm 

[0 0 2 8] si±L<n£if£i&u&&ti\'i x 

2 3fe»6 0 0 t LXfi, a-S i (OWx^yU^^ 



(5) *fBB2p6-3 4 5 4 1 5 
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KT^/U^^UI5T/^y (Ar) U— if 
— ^ YAG (Yttrium-Aluminum-Garnet ) \s — if*—* 
tf— if— , (He-Ne) if 

[0 0 2 9] B6 4v^LH8tt, WE* 1*3 J: IWB 2 * 
»S:iitfca-S i*BI^»"r5^*/U'*"-*jejlS:* 
UfeWPlB-^^-IHHt 1 *)*. 

[0 0 3 0] H6I4, -»at*fl9*i*^*-««** 
fttJfSa-S i*BHr»L*2*«-*l 

«2*Wcj:9 a-S iil*iHI»ffc*ftrt»^* 
s i lc#i-^7k*^pgn9^jx^ o tit, ^«Ad*W* 

^=¥-^Sv^K^BB*^S*utu« a -s i ftjft 1 0 0 

20 i£-T^i^iMX<D#^ H v>y =^&»5o 

IRl3fe«^b^^*-tt»2*»i^«»*ix 
[0 0 3 2] H8fi, i!9fia^*ifctfij|3t f?«2)tjR^ 
tt« 2 %M<d=-*/v*—<o fcf- ^ tt^rifeJK. Lfe«Fjfel2itt 

**«o^i)(rE*23fe«^b^*^*-*«»i"S^ 
[0 0 3 3] K±«>i5 4*«W«>tas*ftKJ:ftif, 

^{tAo^spt^ii cta-si mmz^ffitomz^t a - 

7fe»ICTa-S i*«Sr*i»S-frfe«^t*2*« 
40 <blC^i9^1t$tufea-S i C7)^@SS^M^^ B a B 3f 

[0 0 3 4] rco^ 5**«W«rlW-f-«C4:KJ3^ 
Mi5S«i-HI 9 (r^ Lfeii 9 S« 5 00i:a-Si 
§14 0 0 i<^K{J:»fjRUi7 0 0Sr«x:5 wfclct 9ft 
±^«pi4Sr*i"S p-S i *&&'fZ>-tfcX~ZZ> 0 Z. 
<^WrJftJB7 0 0f±, 0. lTiv^bl /zm(^SCSS:^i-5 
S i O t % Si,N 4 4 if o»Wtt«t«ff ftttffl-t-S. 
:co»riS7 0 0{t »2*«^b<03ftttitiaSii:5 

a-s ij«^e>*4Lfc»fttt*«5oo^ea*"fr 

50 t^Vn 0 



(6) 



[0 035] H9*#J!frfttf. a-Si»R400 
tt, »«5 00<!:K«UB7 00K:<fcO»2 5fe«i6 00 t 
J»WCCjgK$tiTl^. MB*r*UB7 OOtt, a-Si 

mm 4 oo^^o/cioit5 o om^(om^n 
oxc. *«5o o©a*^6an^6ti&*j.*^=p- 

1*. 1^5 0 0 <hK*MB7 0 0 £«C«ao/cfft, a - 
S iflHH4 0 0{CjiUa-S i*K4 0 0%mitS. 
mflSa-S i»H«:3iUfc*J.*^-«. 10 
~tc^<b£ft£t<t«:J;D a - S iftl®4 OOtti 

u c©B«*i/Tffc«k«. mria»f^Ji7oocccfcOBuia 
stsoo icfe^$ ntc <i\ £ 6fic7ffiaiR8Mr i * 

WCCfcOa-S i»J«CCi*a©Sfc3&%tO"C<>. C©]i& 
ia©^«iuiB»rS8Ua 7 0 0 oc <fc 9 5 0 0 ic&MZ ft 
fc< < , *ttt*£»«5 0 0ec<fc*«^Stt4>&t>. 
^ot, 3fcx*;U^~KJ:£&:r.*^¥--tt> a -Si 

[OO3 6]01O«, W±©£5ft*fWIG>P -S i 20 

[0 0 3 7] *9M0*l£il£' V a >B»Mtt. » 1 
»*5xt^U-f^g 1 0 0 a ixfWU 
— !f-fcr-A£S«5 0 0 fcjfcjsfcStifca - S i MR 4 

0 0 ^ti^;^"-M^aWW-{t3^It^ 
^Afel*^2 0 0, I2»600ta-Sig 

^4 o o gum? zmmm&wsm 6 o o a 

a. a»fti<»*jira6a6ooa«, r-n^vu-if-. 

[0 0 3 8 ] mffSx^>v U-if-^® lOOatt, *§ 
HWjn^^a6 0 0 a<£ OSttWK:*^**'!' =?-"-© 
if-£B8ffifcrtC#££U WCCX+^U— if -US 

1 0 0 afrh<Dl'-1?-V-Mt. 8L-Si0>mm£M 



6-3454 1 5 
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me o o a^eou-f-^ 



-£*tf*. Cfte»©Xo©$iai 0 0 a, 6 0 0a 
W\ a - S i fMt©#JS3*ifcS1R5 0 0©mj#&£l> 

-So SuIBfflSWJn»*^g6 0 0 a«, SI IOCthL/c 
ilD. U-1f~-«6 0 1 *>6©U— tf-£K*fr*J5 

MK6 0 3feic;s«i»6 o s^raasft/cu—tf- 

**«TK*«5 0 0 fcg£-r 6 0 4 

[ 0 0 3 9 ] C©<fc 5 tt«JSK»I^«r^»«6ft»ft3feW« 

^-6 0 2 iOTtt««ffKr>* *£-#&JBSftf#£ 50 



T#£iitf£©AOD (Acousto optic Deflector ) , [sJ 
[0 04 0] ilMB£>i*^K:0 1 2 cc^ L/c J: 

5 teftfcmmfc 605 ^jgra 5 c c cD^^i* 

ft/ck'-A^ff^/c^©**©^^ 3Hft©«3?#?T 
^;^6 0 6J:DM$ ftfc«4* fcttOf*©? r -i /< 

-arc* a. «ris*e««#6 0 5<D*ffl»ffM©iea 

te, a-S i^JHr ^>^^^-CDm(i^^^i^r 
r#£P&0^<©#£^te^tfAft£^# 
7fcA£HI [ J©fi&«, tWt«©aSK:J:b^»etti^«W 

[0 04 1 ] m&%&^fc*WLVZ>Z.LK.*^~C* & 
S**©1£3W 9 tcMcytfc&i&fc 6 0 5 ©ttJffllW 
<bfuI2S&5 0 0 £<D&M& 1 mm^TtcJJIK-rS. 

[0042] M±?im$fttc*mi<DMMJy&te&& 
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